JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. We measured CO2 production and water flux using doubly labeled water in wild Anna's hummingbirds living in the Santa Ana Mountains of Southern California during autumn (September) of 1981. The estimated field metabolic rate (FMR) of a hummingbird maintaining a constant body mass (mean 4.48 g) is about 32 kJ/day, which is 5.2 times basal metabolic rate (BMR). Metabolic rates during daylight hours were about 6.8 x BMR, less than one-half that expected for an Anna's hummingbird in continuous hovering flight. We estimated nighttime metabolism to be near 2.1 x BMR, which is about what would be expected for a normothermic, resting bird experiencing cool air temperatures (as low as 15 C) but much higher than expected if torpor were employed. Water influx was about 164% of body mass per day in birds maintaining a constant mass. Most of this water intake was in the form of sucrose solution from feeders in the area, but some probably came from insects eaten by the birds. Hummingbirds probably did not drink liquid water from streams or ponds during the measurement period.
We measured FMR in free-living Anna's hummingbirds (Calypte anna) using the doubly labeled water (DLW) method (Nagy 1980 (Nagy , 1983 Nagy and Costa 1980 Twenty-nine hummingbirds were captured in mist nets, weighed to the nearest 10 mg on a Mettler P1200 top-loading balance, given a unique mark on the breast feathers with model airplane paint, and given an injection in the thigh muscles of 0.0505 ml of water containing 55.6 gLCi of tritium and 95 atoms percent oxygen-18. After holding the birds for I h to allow injected isotopes to equilibrate with body fluids (Williams and Nagy 1984b), we took a blood sample (10-20 il) from a femoral vein or artery and released the birds where they were captured. Twenty microliters is approximately 7% of the total blood volume of a 4.5-g bird, which should not seriously affect an active species like C. anna (see Kovach, Szasz, and Pilmayer 1969). Injected birds were recaptured opportunistically during the 2 days following injection. Each of the eight birds we recaptured was weighed, and a blood sample was taken before they were released again. One additional bird was sampled but not injected in order to measure background levels of isotopes in the blood.
ISOTOPE ANALYSES
Blood samples were flame-sealed in heparinized glass capillary tubes and placed on ice in the field pending transport to the University of California, Los Angeles. There, the samples were microdistilled under vacuum to yield pure water, which was then analyzed for tritium by liquid scintillation counting, and for oxygen-18 by proton activation analysis ( Hummingbirds may be expected to gain In DLW studies, it is preferable to make measurements over periods having multiples of 24 h. However, this was not possible with our hummingbirds, which were recaptured after periods ranging from 7 to 43 h (table 1) Similarly, the intercept at percent night = 100, 5.6 ml CO2 g-' h-1, is an estimate of a bird's metabolic rate at night. This value, 2.1 X BMR, is close to that expected for a resting Calypte anna exposed to air temperatures that dropped to a low of 15.5 C (see dashed lines in fig. 1 ). Metabolic rates of torpid birds are much lower (ca. 0.2-0.8 ml CO2 g-' h-'; see fig. 1 ), suggesting that our hummingbirds did not utilize torpor extensively on the nights we studied them.
We can estimate the FMR of an Anna's hummingbird that is maintaining a constant body mass (steady state) from a plot of metabolic rate versus rate of body mass change (fig. 2) . The predicted metabolic rate when mass change rate is zero is 14.2 ml CO2 g-1 h-'. As these birds were eating mostly a sugar solution, we converted metabolic rates from units of CO2 to heat units using the factor 20.8 J/ml CO2 (for carbohydrate), which is equivalent to 7.1 kJ g-' day-', or about 31.8 kJ/day for a 4.48-g bird. This is 5. -' (fig. 3) . Thus, a 4.48-g Anna's hummingbird was turning over about 164% of its body mass, or 7.35 ml of water each day during our study. This is 89% higher than predicted for a bird this size (Nagy and Peterson 1988) and is among the highest mass-specific water flux rates ever measured in free-ranging birds. We can compare this estimate of feeding rate with another one based on water influx rate. If hummingbirds did not drink, and ate only sugar solution, then their only sources of water (other than water vapor diffusing across lungs and skin) would be the preformed water in the food and the water formed from the sugar upon its oxidation. One gram of sugar solution contained 0.80 g of preformed water, and the 0.20 g of sucrose should yield 0.11 g of "metabolic" water (Nagy 1983), for a total of 0.91 g of water per gram solution. Thus, a water influx rate of 7.35 ml/day is equivalent to a feeding rate of 8.08 g of solution per day, if all the assumptions above are correct. This estimate of feeding rate is 15% lower than the estimate of 9.9 g/day based on FMR (above). This discrepancy can be accounted for if hummingbirds got some of their metabolizable energy from another food source having a lower water content than did the sugar solution. Hummingbirds are known to feed on insects, presumably to obtain proteins or amino acids not readily available in nectar (Hainsworth and Wolf 1976), and insects have much lower water yields (0.06-0.08 ml H20/kJ; Shoemaker and Nagy 1977) than does the sugar solution (0.27 ml/kJ). We saw some of our marked birds feeding on insects during the evening hours, so this explanation for the difference in feeding rate estimates seems likely. The observation that food consumption alone accounts for more water intake than was actually measured indicates that it is unlikely that the marked hummingbirds drank any liquid water from nearby sources. 
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